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INTRODUCTORY L E T T E 11.

WASHINGTON, May 17, 18.&quot;&amp;gt;S.

PROFESSOR JOSEPH HENRY, LL.D.,

Secretary of (lie Smithsonian Institution:

DEAR SIR : The records of the meteorological observations made under the

direction of Dr. Kane, in the second expedition to the Arctic regions, were placed

in my hands by his late lamented father, Judge Kane, in December last.

Dr. Kane had selected Assistant Charles A. Schott, of the Coast Survey, for

the reduction of a considerable portion of the observations made in that expedi

tion; and I, therefore, placed these in Mr. Schott s possession for reduction and

discussion. The work has been faithfully performed, and I recommend it for

publication in the &quot; Smithsonian Contributions to Knowledge.&quot; It is proper to

state that the instruments were furnished in part by the Smithsonian Institution,

and that the computations have been made at its expense.

Very respectfully, yours,

A. D. HAGUE.
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RECORD AND DISCUSSION OP TEMPERATURES.

THE vessel of the exploring expedition entered the winter quarters at Van Rens-

selaer Harbor, on the eastern trend of the coast of Greenland from Smith s Strait,

on the 8th of September, 1853. 1 From the first of that month, she had not changed
her position a mile, and the record and discussion of the observations for tempera
ture will therefore commence, in the present paper, with September 1st, and be

continued to January the 24th, 1855. This is the last day of entry in the original

log-book in my possession. The temperatures after that date, and extending to

the last of April, 1855, have been taken from Appendix No. XII. of the second

volume of the narrative of the expedition.

The bay, surrounded by cliffs, is open towards the north and west, and the harbor

is in latitude 78 37
,
and in longitude 70 53 2 west of Greenwich.

By the 28th of September, 1853, the erection of the meteorological observatory
on the floe had been completed. It was a wooden structure, placed 140 yards from

the ship, on the open ice-field, latticed and pierced with auger-holes on all sides, so

as to allow the air to pass freely, and was firmly cemented to the ice at the base by

freezing. To guard against the fine and almost impalpable drift which insinuates

itself everywhere, and which would interfere with the observation of minute and

sudden changes of temperature, a series of screens were placed at right angles to

each other, so as to surround the inner chamber. The thermometers were sus

pended within the central chambers
;
a pane of glass permitted the light of the

lanterns to reach them from a distance, and a lens and eyeglass were so fixed as to

allow observing the instruments without going inside the screens. One of them

a three-feet spirit standard, by Tagliabue, of New York, graduated to 70 minus

was of sufficiently extended scale to be read, by rapid inspection, to tenths of a

degree. It was not desired absolutely to neutralize the influence of the winds, but

to make the exposure to them so uniform as to give comparable results for every

quarter of the compass.
3

The expedition was well supplied with thermometers. Thirty-six mercurial

thermometers were received from the National Observatory at Washington, D. C.

Their corrections near the freezing point were determined at the observatory, and

1 See Narrative of the Expedition, Vol. II. p. 394.

8 The result of a new reduction of the moon culminations.

* See Narrative, Vol. I. p. 117.
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again by Mr. Sonntag, by means of Mr. Tagliabue s standard. Besides these, there

were four maximum and four minimum thermometers, and two dozen spirit ther

mometers of various sizes, including two standards with a register 36 inches in

length.
1

By one of these, and a mercurial standard of the same length, most of

the temperatures of the air were noted.

Dr. Kane remarks: 2 &quot; The temperature on the floes was always somewhat higher

than at the island, the difference being due, as I suppose, to the heat conducted by
the sea-water, which was at a temperature of +29, the suspended instruments

being affected by radiation.&quot;

This was on the 17th of January, 1854. On another page, he says:
3

&quot;Upon
the

ice-floes, commencing with a surface temperature of 30, I found, at two feet deep,

a temperature of 8, and at four feet + 2, and at eight feet +26.&quot; This was

in midwinter, on the largest floe in the open way off Cape Stafford. This subject

will again be referred to.

Comparison of Tliermomeiers. The different readings of the instruments, par

ticularly at temperatures below 40, made their frequent comparison, in order to

obtain corrective elements, a matter of great importance. Appendix No. XI. of

the second volume of the narrative, contains a full exposition of the unreliable in

dications of the instruments at very low temperatures, and to this appendix the

reader may be referred for further details.
4 Whether these anomalies be due to

irregularities in the diameter of the tubes, or to unequal contraction of colored

fluids of different specific gravity, it is admissible to suppose that the errors for

a number of instruments, compared at the same temperature, may be as fre

quently in excess as in defect, provided they keep within a certain limit, beyond
which the indications become useless. The mean reading of all thermometers com

pared at a certain temperature has, therefore, been taken for the true temperature,

and, bv comparing each result with this mean, a series of corrections has been

obtained for each instrument. The same view was taken by Dr. Kane.

From the comparisons of February 5th, 6th, and 9th, 1854, I was led to suspect

that some or all of the spirit thermometers, designated in the original log-book Nos.

1, 2, 3, 4, 5, were probably identical with those in the table of Appendix No. XI.

in Vol. II. of the narrative, there named C, B, No. 4, A, No. 12, respectively. The

numerous comparisons given in that appendix, and to which a few more have been

added, made it unnecessary to use the observations from the above numbers in the

first set of comparisons between the temperatures 68 and 20. In the follow

ing table, arranged according to temperatures, S denotes the 36 inch spirit standard,

upon which instrument the temperatures determined by the expedition mainly

depend; S
(Z) ,

a second similar standard; M, the 36 inch mercurial standard; the

rest are alcoholic thermometers, from twelve to eighteen inches in length of scale.

Fahrenheit s scale is used throughout.

1 The expedition was also provided with one or more ether thermometers, of which I could find no

further account.

2 See Narrative, Vol. I. p. 154.

3
Narrative, Vol. I. p. 267.

4 An extract from this appendix will be found at the end of this article.



RECORD AND DISCUSSION OF TEMPERATURES.

COMPARISON OF THERMOMETER READINGS BETWEEN THE TEMPERATURES 68 AND 20, MADE IN 1854.
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In order to test his thermometers, Dr. Kane provided himself with chemically

pure mercury, and noted the temperatures at which it became solid. The follow

ing notes have been extracted from the log :

Nov. 25, 1853. The mercury was exposed upon the floe at the meteorological observatory, and remained

liquid with the spirit standard at 42.0.

Dec. 8, 1853. At two o clock, the mercury exposed was found frozen at 40. 5 of the spirit standard,

the mercurial standard being at 39. 8.

Dec. 14, 1853. The mercury froze around the edges of the saucer containing it; S at 41. 0, and M
at 40.0.

Jan. 16, 1854. Mercury in bulb ceased to record at 43. 5
;
observed frozen at 38. 0.

Jan. 29, 1854. The mercury in the standard instrument, after registering 43. 0, descended in the

bulb; at another time it registered, after being frozen, 44. 0, and then became sta

tionary.

Nov. 29, 1854. Mercury congealed at 43,0 of spirit standard, and resumed its fluidity at 38.0.

If we refer the readings of the spirit standard to those of the mercurial standard

by adding + 0.3, we obtain the following observed temperatures for the freezing

point of mercury :

-40.2 39.8 40. 7 40.0 38.0 and 42. 7 Mean, _40.2

Similar differences in the freezing point of mercury have been noticed by other

observers; Parry, for instance, saw the mercury liquid at 43. The above mean

being so near to what is generally assumed
( 40) as the point of congelation, I

thought it best to apply no correction to the readings of the mercurial standard,
and to diminish that of the spirit standard, for temperatures lower than 40, by
the apparent difference, at that temperature, between the indications of the mer
curial and all other thermometers compared with it, or by the constant 1.5

;
thus

the maximum correction to the spirit standard becomes 6.0 at 60.
Thus applying the proper corrections to the spirit standard S, according to ob

servations of February 4, 1854, spirit of naphtha became solid at 57, oil of sassa

fras at 46, bisulphuret of carbon at 26; oil of wintergreen clouded at 40, and

remained liquid at the maximum temperature of that day, viz : 63
;
the ethers

likewise remained unchanged. On the following day, aqua ammonia F. F. froze

solid from two hours exposure at a temperature of 52, chloric ether became solid,

and, after four hours of exposure, chloroform was covered with a granular follicle

at GG.

TABLE OF CORRECTIONS TO SPIRIT STANDARD S, OF TEMPERATURES BETWEEN 60 AND 40.
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CORRECTIONS TO S, FOR TEMPERATURES BETWEEN 40 AND 20.
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compared instruments, the exact amount cannot be ascertained. November 23d,

1853, on the floe outside, the temperature was 10 lower, and again, December 20th,

1853, it was 6i lower than inside. On the 19th of January, 1854, the spirit

standard on the floe inside indicated 50, and at the astronomical observatory

the temperature was 58.

To the local difference, in winter, of the temperature of the air incumbent on

land, and on ice-floes resting on a sea with a temperature not far from its freezing-

point, I have akeady alluded. During the first winter, the temperatures were

observed on the floe, but, during the second, on board the brig ;
the mean differ

ence, for the five coldest months in the two years, amounts to 1.5, and for the

absolute minima it is but 0.9 the first being the colder in either case. This

result, together with the statement (p. 405, Vol. II. of the Narrative) that local

radiations were guarded against as far as possible, leaves no doubt that the recorded

temperatures during the coldest months of the first season are not sensibly affected

by any local radiation
;
at the same time, it must be admitted that, in winter, the

ice-covered sea is, nevertheless, a source of heat which, propagated through this

cover, is expended by radiation into the colder atmosphere.

Occasional omissions in the hourly record have been supplied by interpolation ;

these values are always indicated by being inclosed between brackets. The process

of interpolation will be found illustrated by an example at the end of the record.
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TEMPERATURE OF THE Am IN SIIADE OBSERVED AT VAN RENSSELAEK HARBOK,

In September, 1853, iu Lat. 78 31 , Long. 70 53 W. of Greenwich.

Expressed in degrees of Fahrenheit s scale. On deck the brig Advance and at meteorological observatory on floe.
1

Hour.
[

1st.
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TEMPERATURE OF THE Am IN SHADE OBSERVED AT VAN RENSSELAER HARBOR,
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TEMPERATURE or THE Am IN SHADE OBSERVED AT VAN RENSSELAER HARBOR,
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TEMPERATURE OF THE AIR IN SHADE OBSERVED AT VAN RENSSELAER HARBOR,
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TEMPERATURE OF THE AIR IN SHADE OBSERVED AT VAN RENSSELAER HARBOR,
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TEMPERATURE OF THE AIR IN SHADE OBSERVED AT VAN RENSSELAER HARBOB,
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TEMPERATURE OF THE





16 RECORD AND DISCUSSION OF TEMPERATURES.

TEMPERATURE OF THE AIR IN SHADE OBSERVED AT VAN REXSSELAER HARBOR,
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TEMPERATURE or THE AIR IN SHADE OBSERVED AT VAN RENSSELAER HARBOR,



RECORD AND DISCUSSION OF TEMPERATURES. 19

TEMPERATURE OF THE Am IN SHADE OBSERVED AT VAN RENSSELAER HARBOR,
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TEMPERATURE OF THE AIR IN SHADE OBSERVED AT TAN RENSSELAER HARBOR,
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TEMPERATURE OP THE AIR IN SHADE OBSERVED AT YAN RENSSELAER HARBOR,

In November, 1854, in Lat. 78 37 , Long. 70 53 W. of Greenwich.

Expressed in degrees of Fahrenheit s scale. On deck of the brig Advance.
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TEMPERATURE OF THE AIR IN SHADE OBSERVED AT VAN RENSSEI.AER HARBOR,
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TEMPERATURE OF THE AIR IN SHADE OBSERVED AT VAN RENSSELAER HARBOR,

In January, 1855, in Lat. 78 37 , Long. 70 53 W. of Greenwich.

Expressed in degrees of Fahrenheit s scale. On deck of the brig Advance.
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The following is an example (of a somewhat extreme case) of the method of

interpolation adopted in the preceding abstract. Required, the hourly temperatures

between, 1854, April 2d, 20 h
-,
and April 3d, 13h

-. The monthly means of each

hour (omitting the observations on the 2d and 3d) were first compared with their

monthly mean, when the mean diurnal variation (for the 15th of the month)
became known. In like manner, the variation for the preceding month was ob

tained; and then, by a simple interpolation, the mean diurnal variation for the

time between the 2d and 3d was found. Let v^ v2 vs v4 v2i equal the hourly
values of the diurnal variation, t equal the mean temperature, and T resulting or

interpolated temperatures ;
then T= t+ v j), where p a factor depending principally

on the transparency of the atmosphere. To find the hourly values of t and p for

the above interval, we select a convenient number of consecutive observations before

and after the interval, which, in the present case, gives the equations

April 2, 15h -

16

17

18

19

20

21.2 = t+3.1p
22.3 = t +3.2 p
23.0 = &amp;lt;+2.8 p
25.0 = t+2.1p
28.0 = t+l.l p
27.0 =t + 02p

April 3, 13h -

14

15

16

17

18

Mean 24.4 = t +2.2 p
And from comparison ( t = 29.1

with each equation \p = 2. 14 j

Hence, hourly variation in t 0.35, and in p 0.04.

for 17ih -

26.9 = +3.4p
26.5 = t +4.0p
24.0 = t +3.7 p
25.8 = t +3.2 p
29.0 = t + 2.Sp
30.4 = t +2.1 p

27.1 = &amp;lt;+3.2^&amp;gt;

= _36.8 I

The above sets of equations were then corrected for this hourly change of t and

p, when the following corrected results were obtained :

t = 27.9

p= 1.60

t = 33.2

p= 1.90

These values, when substituted in the equations, leave the following residuals :

In first set 0.1 0.1 -fO.2 0.3 1.3 +1.5 Prob. error of each +0.6
In second set 1.1 1.5 +2.0 +1.5 0.5 0.3

&quot; &quot; +1.0
The true hourly variation in t becomes 0.24

p
&quot;

0.01

The following table contains the interpolated values of t and p, and the result

ing hourly temperatures for the interval.

1854
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Diurnal Variation. Before giving the table of the diurnal change of the atmo

spheric temperatures, it will be proper to remark that, astronomically, the upper
limb of the sun ceases to be visible at noon on Oct. 25th, and reappears at noon

Feb. 16th; between April 19th and Aug. 24th, the lower limb will continue above

the horizon without setting. On account of the considerable annual variation of

the temperature, the figures in the last vertical column of each month in the pre

ceding abstracts, headed &quot;mean,&quot; require a small correction for the effect of the

annual change during twenty-four hours; they will then represent the diurnal

variation for the middle of each month. Thus, for September, 1853, the effect of

the annual change during twenty-four hours is 0.50 decreasing, hence the maxi

mum corrections applied are 0.25 and +0.25 for lh - and 24 h -

respectively;

and for the intermediate hours an aliquot part of this is applied, according to the

interval from noon, where the correction is zero. The following table presents the

summary of the diurnal variation for each month of the year; for the first five

months, the figures are the mean from two sets. The highest and lowest values,

for better distinction, are placed between parentheses.

MEAN DIURNAL VARIATION
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amplitude is a maximum) about three hours after noon, the whole mean range

(obtained graphically) being four hours during the year. In the months of Novem

ber, December, and January, there are two minima, one at about 6 A. M. (whether
this represents the primary or secondary minimum cannot well be decided from

these observations alone), and the other at about 9 P. M. During the remaining
months of the year, there is but one minimum during twenty-four hours, which

occurs at 1 A. M.

At about 1\ in the morning, and a little before 8 in the afternoon, the tempera
ture equals the mean temperature of the day, excepting the months of November,

December, and January. The greatest deviations from these hours are +14 hours.

For the remaining three months, the means are reached at 9i in the morning, and

also between 4 and 10 in the afternoon; the latter (as well as another hour at

about 4 A. M.) being very irregular.

For three months of the year, the diurnal variation is exhibited graphically.

The diagram shows the maximum diurnal variation in the month of April, the

secondary minimum variation in the month of July, and the diurnal variation in

the month of November when nearest to its absolute minimum. + indicates a

&amp;lt;

ID
&amp;gt; temperature than the mean of the day. The month of November ex-

1 lower j

hibits considerable anomalies. In July the sun never set, and in November he

never rose above the horizon.

In the following diagram, I have exhibited the annual march of the diurnal

amplitude for each month.
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rn r~~r

rig. 3 \

\

I iCQ O S P=H

SCS BELOW THE HORIZON.

bo
O

&quot;t

SUN ABOVE THE HORIZON.

The absolute maximum value of the amplitude was observed in April (9. 09),
and the absolute minimum in November (1.00); the diurnal variation never dis

appearing altogether, although the sun remained for 2i months below the horizon.

A secondary minimum was reached in July (3. 37), somewhat later than the

middle of the time the sun made his circuit round the points of the compass with

out setting.
1 The mean amplitude of the diurnal variation during the whole year

is 4.20 the maximum rising 4.9 above, and the minimum falling 3. 2 below.

The daily range of the effect of the thermal wave propagated northward during
the long arctic darkness, may be set down to 1.6 on the average.

For the purpose of comparing with similar results at other stations, I add a table

of the mean daily variation during the year. Each figure is simply the mean of

the twelve values corresponding to the same hour, and was taken from the preced

ing table. No attention was paid to the small anomalies noticed in three winter

months, which cannot sensibly affect the means. The second column contains the

mean values, and the third the same after the general mean has been subtracted

from each of them, and, consequently shows the mean variation proper, + indicat

ing a &amp;lt;

,
&amp;gt; value than the mean. The fourth column exhibits the hourly

( lower j

differences of the variation.

MEAN DIURNAL VARIATION FOR THE YEAR, DERIVED FROM ITS MONTHLY VALUES.
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Accordingly the mean is reached at 7 ]l-.7 A. M. and 7h-.6 P. M; the maximum
at 2 P. M., and the minimum at 1 A. M. The mean range equals 3. 69, a quan

tity necessarily smaller than the mean amplitude for the whole year as given above.

Maximum mean hourly difference or change 0.62 between 7h - and 8h - A. M., and

0.45 between the same hours P. M.

We now return to the last vertical columns of the general monthly abstracts,

and examine the

Observed Hours of Mean Daily Temperature. The following table contains the

hours of the day when the temperature equals its mean daily value, made out for

each month of the year. Also shows their difference, or the &quot;critical interval.&quot;

These values are derived directly from the general abstracts of observed tempera

tures, and, for the first five months, are mean values derived from two sets of

observations in the first and second years.

Mouth.
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paper. This correction, from consistent separate values, is +0.99. On account

of the occasional omissions of observations in the hourly abstract, the daily means
in the Narrative for these three months are probably not reliable, the calculator,

as has been found on other occasions, having paid no attention to such omissions

in taking his mean
;
the monthly means may, nevertheless, be nearly correct.

MEAN MONTHLY TEMPERATURES AT VAN RENSSELAER HARBOR.

(Degrees of Fahrenheit s scale.)

1853 September . . + 17.16 1854 July . . -f 38.19
October . . + 1.62 August . . . +31.82
November . . . 22.39 September . . + 9.74

December . . . 25.46 October . . . 8.78

1854 January . . . 29.21 November . . . 21.52

February . . . 32.65 December . . 36.79

March . . . 36.79 1855 January . . . 27.23

April . .
- 7.69 February . . 20.22

May . . . . +13.45 March . . . 32.98

June . . +30.12 April . . 13.01

If we unite the temperatures for the same months in one mean, we obtain the

following mean temperatures for each month of the year :

1853-54 September

October

November

December .

1854-55 January .

February .

These values, when
thrown into a curve, pre

sent a great regulari

ty during the summer

months; not so, however,

during the winter months,

when the direct effect of

the sun is very feeble, and

the winds probably be

come the main source of

the variability of tempe
rature. To exhibit this

difference in the varia

tion of the summer and

winter temperatures, I

have graphically present
ed the half monthly
means, when the steadi

ness of the summer curve

becomes very striking.

+ 13.45

3.58

21.95

31.12

28.22

26.43

1854-55 March . . . 34. 85

April . . . 10.35

1854 May . . +13.45
June . . . +30.12

July . . . +38.19

August . . . +31.82

HALF MONTHLY MEANS.

20-

s m v-

Tig. 3

1 A

\

\

u o 5 a imp,
08 O K A I* S&amp;lt; JjCGO^P^^S^
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It must be considered a fortunate circumstance that the observations extend

over iwo winters, and thus give us a more exact mean temperature for that season.

The warmest month is July, and the coldest is March
;

the temperature of

December, however, does not differ much from it, and December actually was the

coldest month in the second winter. The highest mean monthly temperature seems

to fall almost exactly to the middle of July, and the lowest would probably occur

in February, if we had a longer series of observations extending over several

winters. From the observations on hand, we find the December temperature only
34 higher than the March temperature. The range of the mean temperature for

the warmest and coldest month is 73. 07. The temperatures for the meteorological

seasons December, January, and February being regarded as winter become as

follows :

Winter 28.591

Spring ..... 10.59 ! Mean temperature for the

Summer +33.38 I whole year, 2. 46.

Autumn 4.03 J

The mean annual temperature is reached in the middle of spring (April), and

again in the middle of autumn (October). The difference in the winter and sum
mer temperature is 61.97.
The seasons of the second year compare with the corresponding ones of the first

as follows:

Autumn in the second year colder by . . . . . . 5. 65

Winter &quot; &quot; warmer by 1.03

First two months of spring colder by .0.76

The lowest mean monthly temperature of the first winter (March, 36. 79)

was precisely the same as that of the second winter (December, 36. 79), both

months falling in the year 1854.

For the purpose of continuing the discussion of the atmospheric temperatures,
it becomes necessary to express the annual variation analytically. On account of

the great range of this variation, I have first applied a small correction to the pre

ceding monthly means, in order to refer them to the middle of months of average

length of 30d-.4 in common, and 30d-.5 in leap years. Thus, the mean temperature
of January, 1854, refers to (noon) 15d-.5, when it ought to refer to 15d-.2; differ

ence, Od-.3. The fifteenth part of the difference of the January half monthly means

is 1.40; hence the correction +0.40. For convenience of reference, the num
ber of days for which a correction is to be applied to refer the means of the true to

an average month are here inserted. Commencing with January, these numbers

for the several months in their proper order become

0^.3 +0.6 +1.5 +1.5 +1.4 +1.3 +1.2 +0.7 +0.6 +0.5 +0.4 +O d-.3

0.2 +0.2 +0.8 +0.8 +0.8 +0.8 +0.8 +0.2 +0.2 +0.2 +0.2 +0.2

The first line is for a common year, the second for a leap year. The maximum
correction applied was +1.34 (to the mean of March). To the following monthly
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means, referring to months of an average length, I have added the probable un

certainty obtained by comparison with the daily means.

January . . . 28.26 1.5 July. . +38.18 0.3

February . . . 26.53 1.4

March . . . 33.54 1.3

April ... - 9.48 1.2

May . . . +14.78 1.2

June . +30.16 0.5

August . . . +31.59 0.4

September . . 13.15 0.6

October . . . 4.13 1.1

November . . . 21.96 0.9

December . 31.00 0.9

Annual mean from 12 average months . . . . . . . 220 0.3

For the purpose of interpolation, and for the representation of the annual varia

tion, a function involving terms of the sine or cosine of multiples of an angle is

usually adopted. In the present case, I prefer a form of discussion which makes

the law of the change of the monthly temperatures analogous to that of a falling

body. This method was adopted by Mr. J. Wiessner, and applied to the discus

sion of the Washington observations. (See p. 322 of the Annual Report of the

Regents of the Smithsonian Institution for 1857.) The annual variation may thus

be represented by a parabolic wave. The diurnal variation has previously been

represented by others by parabolic arcs. Whatever form of expression we may
adopt, the winter curve is so irregular, owing to the short number of observations,

that no continuous law can be deduced; the temperatures during this season will,

therefore, be treated separately. If the observations were continued for several

years, it is probable that the lowest temperature would fall in February, near the

time of sunrise; as it is, we have a slight increase of temperature during January
and February.
A uniformly retarded motion is represented by s = ct I gt

2

,
and the condition

for the turning point is o = c gt, corresponding to the middle of July, or the third

month, commencing with the middle of April as zero. For t = 3, c = 3g, and,

putting for convenience g = 2, we find c = 6
; hence, if t = number of months after

the middle of April, the arguments for the several months become0123210123210
the temperature in April being the same as in June, etc. Substituting these num
bers successively in the formula s = 6&amp;lt; &amp;lt;

2

,
we find the values (R) 0, 5, 8, 9, 8

for the months of April, May, June Each month furnishes an equation

of the form T= tm + Rp, where tm = the mean temperature and p a factor depend

ing on the amplitude of the annual variation. tm and p, when found for spring,

summer, and autumn, are found to vary, and hence an interpolation is made for

each month. We have next to introduce a second term to allow for a shifting of

the epoch. Let x be the quantity addition to the arguments 01232, etc., for

the change in the epoch, and expressed in parts of a month, we have for

+ x & = 6 (0 + x) (0 + x)
3 or s = + 6x

1+x 6(1+*) (1 +x}&amp;gt;
5 + 4-r

2 + x 6 (2 + x) (2 + x) ,
etc. 8 + 2x, etc.

omitting terms containing the second power of x. Putting px = q, we obtain, in

place of the first expression for the temperature
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For the day or summer period we thus obtain the equations :

May +14.78 = tm -\- &amp;gt;p
+ 4 3] Whence tm = 15.73, p = 5.918, and q

~

June +30.76 = tm -\- Sp + 2q +0.12 as resulting from the normal equations.

July +38.18 =tm + $p
j&amp;gt;

r= 15.73 + 5.918 7? + 0.12 Q0.t
August +31.59 = tm + 8p 2&amp;lt;7

September +13.15 =tm + 5p 4 q

For the spring months :

March 33.54 = tm 5p +
April 9.48 = tm +
May +14.78 =tm + 5p +

For the autumn months:

T=_9.18 + 4.832 R 0.05 Q

September +13.15 = tm + 5p 4q\
October 4.13 = tm 6q I T= 4.91 + 3.510 R 0.13 Q
November. 21.96 = tm 5p 4&amp;lt;?)

The above 3 values for tm , p, and q are represented by the formulae:

tm = 15.73 + 0.7. In + 0.96 a
~\ Where n = number of months from the mid-

p = + 5.918 0.220M 0.1942rc3 die of July. For March n = 2; for

q = + 0.12 O.Oln 0.022n* ) Nov. +2.

The following table contains their computed values for each month (under

discussion).

Month.
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Influence of Winds on Temperature. To ascertain the temperature of the winds,
the following method was employed. By means of the preceding formula, express

ing the temperature, a set of tables was formed partly by direct computation,

partly by interpolation between these computed values of the daily mean tem

perature throughout the year, and the same was set down opposite the respective
hours of the day when the mean temperature is reached* Next, by means of the

known diurnal variation, interpolated from its mean monthly value, for each day,
these tables were completed by inserting the temperature for every hour of the day
to the nearest whole degree. They were then compared, hour for hour, with the

( _1_ 4* T ^

abstract of observed temperature, and the difference &amp;lt; &amp;gt; placed in the
( for defect j

column for the respective wind as observed at the same hour. For this latter pur

pose, an hourly abstract of the wind was prepared. The abstract of differences

contains eight columns for each of the principal directions, and an additional one

for calms. By this process, the effect of the annual and diurnal variation is at

once eliminated, and the remaining differences can safely be left to their own com

pensation. The results for the months from September to January (both inclu

sive, have been combined for the two years. The following table exhibits the

results of this somewhat lengthy process. The first column contains the magnetic
directions of the wind, including a line for the calms; the second, the sum of the

differences as explained above
;
the third, the number of times the wind blew from

each of the eight directions during the seventeen months of registered hourly tem

peratures and winds; the sum total, or 2n, equals 11534, and the number by which

it falls short of 122G4, indicates the number of hours observations were wanting;
the last figure in the column gives the number of hours during which the atmo

sphere was calm. The fourth column shows the values of
,
or the quantity by

iv

which each wind affected the temperature, the sign + corresponding to an effect of

raising the temperature above its mean.

&quot;

Meteorology,&quot; Vol. XIV. 8th edition of the Encyclopaedia Erilannica. The value 9 = corresponds
to January 1st and T is expressed in degrees of Fahrenheit s scale.

T= 2.20 + 35.39.s (9 +251 43
) + 6.72 sin (2 + 69 47 ) + 3.20 sin (3 9 +17 5 ).

The formula leaves the following differences (0. C.) between the observed and computed monthly
means :

In January 0^.2

February -|-3.4

March 4.9

April _|-2.7

May -(-0.3

June . 2.5

In July -1-1.2

August . -(-1.5

September .... 2.4

October +1 -4

November .... -(-1.3

December ..... 1.9

And a probable error of any single determination of 1. C. The warmest day is accordingly July 8th,

and the coldest March 1st. The mean temperature of the year is attained April 29th and October 12th.

The mean diurnal variation for the whole year, as derived from its monthly values, is represented by the

formula

t = +1.85 sin (e +64 55 ) -t-0.08 sin (2 e +97) + 0.03 sin (3 +128),
with a probable error for any single hour of 0.03, the angle counting from noon.

5
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Mag. direction
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sum of the above differences for the hours during which snow fell, the second

column the number of hours, and the last column the rise of temperature above

the mean. In 17 months, it snowed during 680 hours, and rained during 60 hours.

This small quantity of rain fell in the month of July ;
snow also fell during 10

hours in this (warmest) month.
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above or below the mean temperature, 4- indicating J
wa n r

I than the mean.
(.colder j

These differences are herewith presented graphically by full lines; the phases of

the moon are marked opposite the corresponding dates, the new moons being given
at the top, the full moons at the bottom, of each diagram. The investigation com
mences with Nov. 3d, and ends with April 13th, for the winter 1853-54, and in

cludes the time between Oct. 19th and April 16th of the second winter. Between

these intervals, the mean half monthly temperatures are below 10. Tempera
tures observed after Jan. 24th, 1855, have been taken from the abstract in Vol. II.

of the Narrative (corrected for index error). They are probably subject to small

corrections, and hence have been dotted in the diagram.
The wavy line above the zero line indicates the number of hours during which

snow fell in the corresponding G day period ;
the numbers in the vertical column

answering also for the hour scale. The wavy line below, or on the negative side

of the temperatures, indicates the number of clear days in each 6 day period, and

in order to use the side figures also for this day-scale, the number of clear days
was doubled, 12 being the maximum indication of G clear days.
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These diagrams fully bear out the observer s remarks, viz: that the lowest tem

peratures are reached about the time of full moon. Setting aside some small de

viations in the regularity of the curves (of temperature), there is not a single

exception to the correspondence of relative maxima of cold near the epoch of the

full moon, and of relative minima of cold near the time of new moon. The period
between any two consecutive maxima of cold from five intervals is 25 d

-.2 + l
d
.9,

and the same between the minima of cold from four intervals 28di
.5 + 2d

-.4, for the

first winter, and 28 d
.8 + 1&quot; .5 (from five intervals), and 28 d

.8 + 3
d
-.3 (from five

intervals), for the second winter, respectively. Combining these four values with

the application of weights according to the respective probable errors, the resulting

period for the recurrence of cold becomes 27d
-.7^ l

d
.O. The synodic period of the

moon is 29 d
-.5; somewhat longer than the period just deduced, but by no means

incompatible therewith.

If we now follow the curve indicating the duration of the fall of snow, we find,

in the two winters, maxima near the period of new moon, thus accounting, in con

formity with the previous investigation, for the rise in the temperature ;
the

average elevation above the mean temperature for the six winter months, during
the hours of snow fall, being, according to the table, 13. The superior maximum
of Dec. 27th to Jan. 1st (first winter), when it snowed during 44 hours, is particu

larly instructive.

The lower wavy line indicates maxima in the amount of serenity of atmosphere
near the time of full moon, better marked in the first than in the second winter.

The above special case of Dec. 29-30, is again interesting as conspiring to an ele-
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vation of temperature by the nearly total obscurity of the atmosphere during the

six days in question.

The mean amplitude of the wave in the winter 1853-54: is 19.4, and in the

winter 1854-55, 20. 1, or 19. 8 from an average during these two winters.

It has been remarked by an eminent astronomer that, if the moon emits any
sensible heat, it is probably expended and becomes apparent by a tendency to dis

appearance of clouds under the full moon. Supposing this to be a fact, it would

seem that the powerful radiating force of the earth s surface, called into activity

under a clear sky, produces, as a secondary effect, the phenomenon of greatest cold

at the time of full moon. The process is going on gradually, and, when combined

with the tendency of a fall of snow about the period of new moon, would favor

the production of the caloric waves observed during the winter season. These

waves could not be explained either in range, duration, or regularity, by the effect

of various winds and calms, since their total effect could only amount in maxima
to Gi, according to the previous investigation.

A maximum cold will be produced, as stated by Dr. Kane, by a concurrence of

the time of full moon with a perfect calm and a great transparency of the atmo

sphere, during the middle of the winter season. The opposite effect requires, for

its full development, a concurrence of the time of new moon with a continued fall

of snow, a generally obscured atmosphere, and winds from a direction between

N. N. E. and E. S. E. (true).

Enough has been shown to make these alternations of relative cold and warm

periods in winter an interesting and instructive subject for further study, specially

with a view of tracing out and confirming the apparent connection of the concur

rence of the two principal lunar phases, with a tendency to obscurity and tran

sparency of the atmosphere.

In accordance with Prof. Dove s investigations of the return of cold about the

llth of May, the mean daily temperature on May 13th (1854) of +2.S was 9.3

lower than the computed (by preceding formula) temperature.
1

Hourly Corrections for Periodic Variations. The following table for reducing the

mean of observations taken at any hour of the day to the true mean temperature
of the day, has a similar arrangement, and was prepared for the same use, as those

given for other stations in the Smithsonian Miscellaneous Collections of Meteorological

and Physical Tables, by Prof. A. Guyot (2d edition, Washington, 1858). The

figures necessarily present some anomalies, since they are derived directly from a

series of hourly observations extending over seventeen months; they present,

therefore, only the differences between the hourly and the true means.

1 While this paper was going through the press, I received the March number (1859) of the London,

Edinburgh, and Dublin Philosophical Magazine, containing J. Park Harrison s article on the &quot;Lunar

Influence on Temperature as connected with Serenity of the
Sky.&quot;

He states that, from 20 years of

observations at Greenwich, the mean temperature is above the average at the period of the new moon

(also at first quarter and before last quarter), it is below the average before and after full moon (also

between new moon and first quarter, and at and after last quarter).
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ARCTIC AMERICA VAN RENSSELAER HARBOR, Lat. 78 37
, Long. 70 53 W. of Greenwich.
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note, Oct. 19th, 1854, it appears that the numbers expressive of the quantity of

solar light have the following signification :

1 Entirely clear.

2 Slightly obscured.

3 Clouded.

4 Misty and dark.

5 Excessive obscurity.

The sign 0, which occasionally occurs, probably indicates either no observation,

or snowy or rainy atmosphere. There are a few apparent anomalies in the follow

ing tables, the temperature indicated by the black bulb being somewhat lower than

that indicated by the shade thermometer with an overcast sky. These may arise

from a slightly erroneous index error, or occasional observing errors, or different

localities of exposure.
The following record of the observations of the temperature by the black bulb

thermometer exposed to the solar rays, contains the corrected readings, which ren

ders them directly comparable with the readings of the preceding general record,

and has been inserted for the use of those who may desire to further investigate

the subject.
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READINGS OF THE BLACK BULB THERMOMETER, AND CORRESPONDING NOTES ON THE SOLAR LIGHT,

OBSERVED AT VAN RENSSELAER HARBOR,

In April, 1854, in Lat. 78 37 , Long. 70 53 W. of Greenwich.

Expressed in degrees of Fahrenheit s scale. At meteorological observatory.
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READINGS or THE BLACK BULB THERMOMETER, AND CORRESPONDING NOTES ON THE SOLAR LIGHT,
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READINGS OF TUB BLACK. BULB THERMOMETER, AND CORRESPONDING NOTES ON THE SOLAR LIGHT,
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READINGS OP THE BLACK BULB THERMOMETER, AND CORRESPONDING NOTES ON THE SOLAR LIGHT,
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READINGS OF THE BLACK BULB THERMOMETER, AND CORRESPONDING NOTES ON THE SOLAR LIGHT,
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READINGS OF THE BLACK BULB THERMOMETER, AND CORRESPONDING NOTES ON THE SOLAR LIGHT,
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READINGS OF THE BLACK BULB THERMOMETER, AND CORRESPONDING NOTES ON THE SOLAR LIGHT,
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READINGS OP THE BLACK BULB THERMOMETER, AND CORRESPONDING NOTES ON THE SOLAR LIGHT,
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READINGS OF THE BLACK BULB THERMOMETER, AND CORRESPONDING NOTES ON THE SOLAR LIGHT,

OBSERVED AT VAN RENSSELAER HARBOR,

In August and September, 1854, in Lat. 78 37 , Long. 70 53 W. of Greenwich.

Expressed in degrees of Fahrenheit s scale. On hoard the brig.
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READINGS OF THE BLACK BULB THERMOMETER AND CORRESPONDING NOTES ON THE SOLAR LIGHT
Continued and completed.

Sept. 12. AtG 1

-, 7,8,9, 10,11,12, 1,2,3, 4, 5 h : B. B. +6, 12, 18, 21, 23, 21, 19, 18, 16, 14, 13, 8

S. L. 3, ..,.., 1, 1, 1, 1, 1, 1, 1, 1, 2

Sept. 13. Same hours : B. B. -f 2, 1, 20, 33, 31, 31, 33, 34, 28, . .
, 19, 16

S. L. 1, 1, 1, 1, 1, 1, 1, 1, 1,.., 1, 1

Sept. 14 and 15. No. observations.

Sept. 1C. At 8 A.M., 1, 2, 3 P.M.: B. B. +13, 16, 17, 14; S. L. 1, 1, 1, 1

Sept. 17. At 1, 2, 4, 5 P. M. : B. B. +19, 16, 13, 9; S. L. 1, 1, 1, 2

Sept. 18. No observations.

Sept. 19. At 11 and 12 A.M. : B. B. +11, 13
;

S. L. 1, 1

Sept. 20. At 11 A. M. and 3 and 4 P. M. : B. B. +9, 45, 5
;

S. L. 1, 3, 3

Sept. 21. At 9, 10, 12 A.M.: B. B. +8, 11, 18; S. L. 1, 1, 1

Sept. 22. At 12, 1, 2 P. M. : B. B. +20, 16, 12; S. L. 1, 2, 3

Sept. 23. At 10, 11, 12 A. M. : B. B. -f 2, 6.5, 5; S. L. 3, 1, 1

Sept. 24, 25, 26. No observations.

Sept. 27. At 10, 11, 12 A. M. : B. B. +13, 13, 10; S. L. 1, 1, 2

Sept. 28. At 11 A.M.: B. B. +13; S. L. 2

Sept. 29, 30, Oct. 1, to 14. No observations of the black bulb thermometer.

Oct. ]5. At 11 and 12 A.M.: B. B. 3, 4; S. L. 1, 1

The black bulb readings were discontinued on Oct. 18.

Decrease of Temperature ivilh Elevation. Readings of the temperature at the

level of the sea, and at eighty feet elevation on the mast of the brig, were taken

during the months of August, September, and October, 1853. These observations

were made with the same thermometer at the upper and lower position. The

following are the mean differences obtained from twelve observations (bi-hourly) a

day for the months August, September, and October, in the two positions : 0.14,

0.67, and 0.30, the minus sign indicating &quot;colder above.&quot; We have, there

fore, for an elevation of eighty feet, an average change of 0.37 of temperature

during these three months; or the elevation corresponding to a decrease of tem

perature of 1 Fahr. becomes 210 feet.

/Surface Temperature of Sea Water. The following table contains the mean

monthly values, from hourly observations, of the temperature of the surface water

in Van Rensselaer Harbor. On the 19th of October, 1854, an order was given to

iramerge the thermometer four feet below the surface. On the previous day, the

water alongside gave at the surface 32; at three feet deep, 30. 5. After Novem
ber 27th, the readings remaining constant at +29, the observations were dis

continued.

1853 September . . 29. 1

October . . .28.8
November . . .28.7
December . . .28.7

1854 January . . .28.7

February . .28.7
March . .28.7

April . . 28.8

1854 May .... 28. 9

June . . . .30.3

July . . . .32.3

August . . . 31.8

September . . .31.3
October . . .30.9
November . . . 29.0

December . . .

The index error of thermometer is not known
;

it must be small.

For a preliminary project of the isothermal lines of Baffin s Bay and adjacent

islands, constructed for each month of the year, the reader is referred to Appendix
No. XIII. of the 2d Vol. of the Narrative.



APPENDIX.
(See note on preceding page 2.)

Extract from Appendix No. XI. 2d volume of the Narrative, p. 405, on the Determination of

Temperatures.

SIR EDWARD PAURY, and more recent Arctic voyagers, have shown that

there is a difference, amounting sometimes to two degrees, between the temperatures adjacent to, and at

a distance from, the vessel. This was abundantly confirmed by our experience. During the intense cold

of our winters, the instruments became very impressible to artificial elevation of temperature. The

approach of the observer, the use of the lantern, the neighborhood of articles taken from a heated apart

ment, &c. &c., were at once perceptible in our records.

Except in naval expeditions, Arctic temperatures, whether Asiatic or American, have been recorded

with a limited number of instruments. The results of these must be received with extreme caution
;

for

the differences which alcoholic thermometers exhibit, at temperatures Mow the freezing point of mercury,
are so varying as to require a large number of comparisons, and upon many instruments, to determine

their proper correction. It was not uncommon for thermometers which had given us correct and agree

ing temperatures as low as 40, to show at 60 differences of from fifteen to twenty degrees. Such,

too, was the case with the well-constructed instruments of Sir James Ross at Leopold Harbor.

To give an example of this, I may refer to the record of six thermometers suspended near each other,

as above described, and observed for purposes of comparison at noon February 5th, 1 854.

71, 03, 54, 53, 50, and 50.

All of these, at temperatures above 40, agreed within 1.8, and were selected as the most consistent

of nearly thirty spirit thermometers.

At 9 A. M. of the same day, eleven similar thermometers gave, under like circumstances, a mean of

68, the extreme readings being 56.4 and 80. For the purpose of obtaining the most probable

temperature from these conflicting records, my first impulse was to reject the lowest (coldest) extremes,

and take the mean of those which accorded best; but upon advising with our astronomer, Mr. Sonntag,
I determined to take the mean of all without rejecting any, the view which he took being simply that

those instruments which indicated the extremes in the low scale had never, in temperatures above 40,
shown any anomaly which deprived them of an equal claim to confidence with the rest, and that there

was no reason, d priori, to consider the results which they gave as less probable than those shown by
the others.

In a word, I adopted the views of Professor Airy, as published in the 95th number of the American

Astronomical Journal. The causes which had produced the errors were mostly unknown, and the

quantity to which these errors might amount was entirely so.

Our thermometers were made with great care by Tagliabue, of New York. But, independently of other

mechanical sources of error, I am obliged to say that I do not regard the contraction of colored alcohol,

at very low temperatures, as sufficiently investigated to enable us to arrive at the causes or the quantity

of error. In most of the spirit thermometers, the uniform thickness of the tube was tested before leav

ing New York
;
and the freezing of carefully distilled mercury, which I had taken with me for the pur

pose, gave excellent determinations of absolute temperature.

But it may not be uninteresting to state that the freezing point of this metal varied between 38. 5

and 41. 5, and that its rate of contraction as a solid was so uniform that, in our long and excel-
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lent 36 inch standards, it descended after freezing as low as 44. This result is in accordance with

that obtained by Sir Edward Belcher, whose experiments go even farther than my own, the mercury

having been observed by him to descend as low as 46 below zero.

I may mention the fact, as in some degree confirming the propriety of not excluding an eccentric

result from the computation of means, that two or more instruments may agree well together and still

differ considerably from the most probable temperatures. This was the case with two long spirit ther

mometers, which never, even at the lowest temperatures, showed differences amounting to one degree,

but which, at 68, varied 7. 7 from the mean of eleven others. The cause was in this instance easily

explained. The two instruments were fac-similes of each other; any errors of division of the scale, or

from the unequal contraction of the fluid, which was the same in both, and the same in quantity, and

probably taken from the same preparation of spirits, were of course common to both. The error induced

by the coloring matter of the fluid adhering in small particles to the sides of the tube became very marked

at low temperatures. Our routine of daily observation was as follows: Two 36 inch register spirit

thermometers were noted hourly, as well as a varying number of instruments of smaller size. For pur

poses of comparison, the long spirit thermometers and from five to twelve of the others, in selected

groups, were generally read at the same time. The difference between the mean of these observations

and the reading of any one instrument, gave the correction which was applied to that instrument in

order to get the true or most probable temperature.
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DIRECTION AND FORCE OF THE WIND.





RECORD AND DISCUSSION OF THE DIRECTION AND FORCE OF THE WIND.

THE observations of the direction and force of the wind at Van Rensselaer

Harbor, North Greenland, extend over the same period as the other meteorological

observations, viz: from September 1st, 1853, to May 1st, 1855. With few excep

tions, these observations were made hourly, and their record available for discus

sion, extends to January 24th, 1855. Those taken after this date will be found

recorded (three times a day) in Appendix No. XII. of the second volume of the

Narrative of the Expedition.
No self-registering anemometric instrument was used. The direction of the

wind is given uncorrected for magnetic variation of the needle, and was noted in

reference to eight principal points of the compass. The course of the wind thus

given refers to the lower or surface stratum of the atmosphere. The force of the

wind has been estimated as near as possible according to a scale extending from

1 to 10; the former number indicating light airs, the latter a hurricane. Zero

denotes a calm air. These figures, expressive of the relative force of the wind, are

placed in front of the letters indicating the direction, as given by its initial letter,

and their relation to the velocity and pressure of the wind is shown in the follow

ing table, used in the United States Coast Survey.
1

1

DENOMINATION
! Estimated

OF WIND.
|

No. of force.
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and, since the force of the wind depends altogether on an estimation, I prefer, in

the small number of cases in which the forces 9 and 10 occur, to adopt the num
bers 70 and 80 as the corresponding velocity in miles per hour.1

In the following hourly abstract of the anemometric observations, the direction

is indicated by the initial letter or letters of the compass point, and the force by a

number preceding it, according to the scale given above. Any intermediate direc

tions, dividing the compass into 16 points, have been placed alternately in the

column of the preceding and following principal direction
;
thus two successive

entries in the log-book of N. N. E., will be found noted in the abstract as N. E.

and N. In this manner the mean directions have in all cases been preserved.

These intermediate directions are of comparatively rare occurrence. In a few

instances, particularly during the first ten days (of September), there is some doubt

as to the true meaning of a blank in the log, all other meteorological observations

being duly recorded, whether this indicates a calm or an omission of observation.

In these cases, I have likewise left a blank in the record, if not otherwise guided

by the abstract given in Appendix No. XII. of the Narrative. The first vertical

column in the abstract contains the hour of mean local time. Horizontal dashes

( )
in the body of the abstract indicate &quot; no observation,&quot; and two inverted

commas (
&quot;

) signify the same force and direction as for the hour immediately pre

ceding. The fall of snow (and rain) is also noted.

1 Mr. Sonntag s views on this subject agree with mine; he thinks the forces rather over-estimated,

produced by the greater sensation of cold.
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DIRECTION AND FORCE OF THE WIND OBSERVED AT VAN RENSSELAER HARBOR,
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DIRECTION AND FORCE OF THE WIND OBSERVED AT VAN RENSSELAER HARBOR,
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DIRECTION AND FORCE OF THE WIND OBSERVED AT VAN RENSSELAER HARBOR,
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DIRECTION AND FORCE or THE WIND OBSERVED AT VAN RENSSELAER HARBOR,
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DIRECTION AND FORCE OF THE WIND OBSERVED AT VAN RENSSELAER HARBOR,
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DIRECTION AND FORCE OF THE WIND OBSERVED AT VAN RENSSELAER HARBOR,
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DIRECTION AND FORCE OP THE WIND OBSERVED AT VAN RENSSELAER HARBOR,
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DIRECTION AND FORCE OF THE WIND OBSERVED AT VAN RENSSELAER HARBOR,
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DIRECTION AND FORCE OF TIIE WIND OBSERVED AT VAN RENSSELAER HARBOR,
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DIRECTION AND FORCE OF THE WIND OBSERVED AT VAN RENSSELAER HARBOR,
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DIRECTION AND FORCE OF THE WIND OBSERVED AT VAN RENSSELAER HARBOR,
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DIRECTION AND FORCE OF THE WIND OBSERVED AT VAN RENSSELAER HARBOR,
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DIRECTION AND FOKCE OF THE WIND OBSERVED AT VAN RENSSELAEE HARBOR,
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DIRECTION AND FORCE OF THE WIND OBSERVED AT VAN
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DIRECTION AND FORCE OF TIIE WIND OBSERVED AT VAN RENSSELAER HARBOR,
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DIRECTION AND FORCE OP THE WIND OBSERVED AT YAN RENSSELAER HARBOR,
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DIRECTION AND FORCE OF TOE WIND OBSERVED AT VAN RENSSELAER HARBOR,
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The immediate bearing of the wind on the temperature, the weight and moisture

of the atmosphere, and upon the climate in general, as well as its practical relation

to navigation, renders this meteorological element of equal importance with any of

the others, though it has, perhaps, received comparatively less attention.

Method of Reduction. In the following discussion, we have to consider the

average direction and force, as well as the quantity of air blown over the place of

observation.

In regard to the mean direction and velocity of the wind for any given period
a day, month, or year the customary formula of Lambert has been so far modified

as to include the velocity, and not to depend on the relative frequency of the

winds alone.

Let Ol 62 0., ..... be the angles which the directions of the wind make with the

meridian, reckoned round the compass, according to astronomical usage, from the

south, westwards to 360, or in a direction indicated by the law of rotation; and

v
l
v v3 ..... its respective velocities, which may be supposed expressed in miles

per hour; and let the observations be made at equal intervals of time, say hourly.

By adding up all velocity-numbers referring to the same wind during a given

period, and representing these quantities, or the number of miles of air transferred

bodily over the place in each direction, by Sj s3 ss ..... ,
then the quantity of air

passed over the place of observation by winds from the southward is expressed by

Ra
=

Sj COS 61 + S2 COS 2 + S3 COS 63 + .....

And for winds from the westward

Rw = s, sin 6 l + sz sin 0.2 + s3 sin 3 + .....

The resulting quantity R, and the angle q&amp;gt;

it forms with the meridian, is found by
the expressions

R =
&amp;lt;/R? +Rj, and tan $ = HL.

&quot;

The general formulae, in the case of eight principal directions 0, assume the

convenient form

Es
= (SN) + (SWNE)Sb (NWSE] v/1

RW = (WE) + (SWNE] v/T + (NWSE] x/I

Where the letters S, SW, W, etc., stand for the sum of all velocities during the

given period, or for the quantity of air moved in the directions S, S W, W, etc.,

respectively ;
Rs stands for the total quantity of air transported to the northward,

and Rw for the same transferred to the eastward. These formula?, for practical

working, may be put in the following shape :

Put SN= a SWNE=c
WE = b NWSE = d

Then
Rs

= R cos q = a+ 0.707 (c d)
Rw = R sin $ = I + 0.707 (c+d).

Since Rs ,
Rw, R, represents the quantity of air passed over during the given

period in the direction 0, 90, &amp;lt;&amp;gt;, respectively, we must, in order to find the mean
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velocity in any resulting direction, divide by n, or the number of observations

during that period ;
we then have

R,,V *
s = -

&amp;gt;

n n
and F=

n

A particle of air which has left the place of observation at the commencement of

the period of a day, for instance will be found at its close in a direction 180 4-
&amp;lt;&amp;gt;,

and at a distance of R miles, equal to a movement with an average velocity of
;

the length of the path described by the particle can be found by the summation of

all the v s (for each hour) during the period.

The above development supposes that all particles of the air surrounding the

station equally participate in the general motion, or that all particles describe equal
and parallel paths.

To admit nothing arbitrary in the reduction, no attempt has been made to inter

polate values in those instances where occasional omissions occur in the hourly
abstract.

The great variability in the direction and force of the aerial motion renders the

taking of mean values for short intervals unnecessary, and we can at once proceed
to the mean monthly values.

For the convenience of reference, and in illustration of the method of reduction,

one of the monthly abstracts of the sum of the velocity numbers of each wind is

here inserted. Similar abstracts were made for each of the seventeen months

during which the observations continued.

ABSTRACT OF THE QUANTITY OF WIND IN EACH OF THE EIGHT PRINCIPAL DIRECTIONS,
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Resulting Monthly Direction of the Wind. The resulting monthly direction
&amp;lt;|&amp;gt;

of the

wind is obtained by adding up the velocity-numbers for each wind separately, from

the hourly observations taken during the month, irrespective of omissions. The
numbers thus obtained are then treated in accordance with the preceding formula;.

For the month of September, 1853, for instance, we would have

2 S.

SN.
s W.
sE.
2 S. W.
2 N. E.

2 N. W.
2 S. E.
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MONTH.
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Mean Velocity of the Winds. The average velocity with which each of the eight

winds passes over the place of observation in each month and for the whole year,

is found by dividing the sum of their velocity-numbers in the period by their

respective number of entries in the table; thus, for the month of September, 1853,

we have:

DIRECTION (MAGNETIC).
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Quantity and Relative Frequency of the Winds. The sum of the velocity-numbers,
or the number of miles travelled over by the air in any direction for any given

period, may be called the quantity (q) of the wind which has been transferred over

the place of observation during that time. It will not be necessary to take into

account the variations in the density of the air, and the number given below refers,

therefore, to an average density. The velocity-numbers for each wind and month
have been given in a preceding table; they require, however, a correction, in order

to find q, for the occasional omissions in the observations. Thus, in September,

1853, no observations were recorded during 109 hours, and we may assume that

during this time the several winds (inclusive of calms) occurred, or would have

occurred in quantity and with a frequency directly proportional to their numbers

found from the 720 109 remaining hours of the month. After adding this pro

portional number for each wind and month, and after taking mean values for the

same months, the following table of the quantity of wrind (q) has been made out.

MAUNETIC DIRECTION.
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N.W. N.E.
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The greatest quantity of air moved over the place during the year comes from

a quarter bounded by the true directions S. E. by E. and N. N. E.; the prevailing
wind also comes from this quarter. With the exception of true S. W. by S. winds,
there is comparatively hardly any wind from the remaining directions; the quad
rant between (true) west and north is particularly defective in this respect.

The calms greatly predominate, there being during the year more hours of calm

(50G3) than hours of Avind from any direction (3697) a circumstance quite cha

racteristic of the locality.

Average Duration of t7ie Winds. -The number of consecutive hours during which

any one wind blew is given in the table below. It contains average values made
out from all observations during the seventeen months. The number of consecu

tive hours during which, on the average, calms lasted, is likewise given.

Magnetic direction.

S. . .

S. AV.

AV. .

N. AV.

N. .

Mean duration.

. 3.4

. 2.0

o. 4

2.7

Magnetic direction.
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Relation of the Direction of the Wind to the Amount of Snow (or Rain). The

dependence of the fall of snow (or rain) on the direction of the wind, is shown in

the following table, which contains the aggregate number of hours during which

snow (or rain) fell for any direction of the wind and during calms.

Direction (mag.)

s. .

S.W.
w.
N. W.
N.

Hours.

52

71

43

110

45

Direction (mag.)

N. E.

E. .

S. E.

Calm

Total

Hours.

6

. 10

. 75

. 328

. 740

in 17 months.

The snowy (or rainy) quarter is between N. N. E. (true) and E. S. E. (true),

or from the direction of the Spitzbergen Sea, and also from the direction S. S. W.

(true), or from the upper Baffin Bay. During almost half the time, it snowed

during calms. From the directions W. N. W. (true) and N. N. W. (true), there

was hardly any precipitation.
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ATMOSPHERIC PRESSURE
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TIIK barometric observations nt Van Eensselaer Harbor, North Greenland, were

made hourly, and commence June 8th, 1853. The record now available, however,
commences with June 27th, 1853, and extends to January 24th, 1855. The mean

daily values subsequent to this date, up to April 22d, 1855, inclusive, together
with the corresponding mean temperature, are to be found in Appendix No. XT I.

second volume of the Narrative of the Expedition. It is proposed to discuss here

the observations taken between September 1st, 1853, when the brig entered her

winter quarters in Van Rensselaer Bay, and January 24th, 1855, at which date

the log-book on hand terminates.

Instruments. The expedition was provided with a mercurial barometer and two

aneroids. The mercurial marine barometer was made for Dr. Kane by Mr.

Tagliabue, of New York. Its length was thirty-three and a half inches; it had a

brass scale seven inches in length, and a glass cistern with an adjusting point for

the surfnce of the mercury. In its adjustment, the correction for capillarity was

included.
1 The readings are expressed in English inches. The aneroids have the

numbers 4790 and 1400. Of these, the first one was read daily (and hourly) from

the commencement of the record (June 27th, 1853) till its conclusion (January

24th, 1855). That aneroid 479G (and not 1400) was thus used, I infer from a

note in Mr. Sonntag s report dated Godhavn, September 12th, 1855, and in which

he refers to the comparisons between this aneroid and the mercurial barometer,

for the purpose of deducing the corrections to the former. These comparisons, as

found recorded in the volume containing meteorological constants, commence with

September 30th, 1853, and end on January 9th, 1854 05 in number.

The readings of the mercurial barometer commence October 24th, 1853, and

terminate with January 24th, 1N55. The preference has been given to these;

readings. The indications of the aneroid were only used for the time between

September 1st and October 2 1th, 1853; its readings are also valuable as corrobo

rating those of the mercurial barometer.

The aneroid was kept on deck till September 19th, 1853, 9 A. M., when the

temperature was so low that the attached thermometer failed to record. The

instrument was then taken into the cabin ;
its position there was six feet lower

than on deck.

In his reduction of a p (irt of the above G5 comparisons between the mercurial

1 The above information of the construction of the instrument was received from the maker. Scale

and cistern were connected liv lirass.
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and aneroid barometers, the reduction of the former to the temperature 32 is

applied by Mr. Sonn tag, astronomer to the expedition, for the case of a brass con

nection between the cistern and scale. Table No. XVII. Series C, p. 63, in

Gujot s Meteorological and Physical Tables, edition of 1858, prepared for the

Smithsonian Institution, answers this case, and has been adopted by me for the

temperature, reductions. This reduction, in general, is not very great, as may be

seen on p. 425, Appendix No. XII. of the second volume of the Narrative, where

the mean readings of the attached thermometer, for the year 1854, is given
as +40.3.

Reduction of the Aneroid to the Mercurial Barometer. A number of comparisons
of the two instruments, for the purpose of reducing the readings of the first to

their equivalent values by the second instrument, were made, as stated above.

The differences in the indications of the mercurial and aneroid barometers, or

M A, may be supposed to be proportional to the variations in pressure and tem

perature, and may be represented by the equation

li = A + c + m (A mean pressure) -f n ( T mean temperature),

c being an index error. The quantities c, m, n, are to be determined from the

following comparisons. In the absence of any better information, the attached

thermometers were supposed free of index error. The comparisons were made by
Mr. Sonntag.

TABLE OF COMPARISONS OF
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The constant c is, therefore, + 0.159 inches, at a mean temperature 75.7S and

a mean barometric pressure 29.831. To deduce the coefficients m and n, the cor

rection c has first been applied to the aneroid readings. The following differences

were then formed : B (A + c), (A + c) 29.831, and T 75.S. We then have

the 05 conditional equations:

1. 0.079= +0.328 m 10.8 &amp;gt;i

2. 0.034 = +0.258 m 3.8 n

3. 0.072= +0.168 m 13.8 H

4. 0.039 = 0.012 m 5.8 n

etc. etc.

Their solution furnishes m and n. Making first the coefficient of n as great as

possible, by addition and change of sign of the equation when necessary, we find

203. 4 n + 0.84Gm = +1.374

or, n=+O.OOG75 0.004m,

and, in like manner, m results from the equation

12.56 m + 40 = +1.190
m = +0.072, and n = +0.0065

Hence the formula for reduction

Inch.

= A +0.159

Inch.

0.072 (A 29.G72) + 0.0005 ( T 75. 8).

To show the result by the formula in extreme cases, the following eight com

parisons are here inserted.

Inch. Inch. Difference.

No. 3)
r Lowest temp.

&quot;

32)
&quot; 46 J

&quot; 23)
r .

-

Greatest pressure

6)

7)
Least pressure

j&quot;
Computed reading 11 = 29.92, samo observed (M) = 29.93
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The hourly record of the barometer and attached thermometer readings is given

for mean local time, English inches and degrees of Fahrenheit, and for an average
elevation of the cistern of the barometer above the mean level of the sea of five

feet.

For the months of September and October, 1853, the barometric and thermo-

metric means are not directly comparable with the corresponding figures in

Appendix No. XI. of the Narrative (2d vol.) for this reason : In the Appendix the

unconnected aneroid readings are given, while the present abstract contains the

corrected or referred readings according to the preceding investigation. After

October 23d, the readings of the mercurial barometer take the place of the aneroid

readings.

A star (*) attached to any date in the following record indicates that a corre

sponding remark will be found in the notes appended to the abstract.

Occasional omissions in the hourly record of either barometer or thermometer

readings, as seen by the blanks in the table, have in all cases been supplied by

.simple interpolations before the means (hourly or daily) were taken, in order to

give the result independent of these omissions.
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HOURLY AIJSTRACT OF THE READINGS
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HOURLY ABSTRACT OP THE READINGS or THE BAROMETER AND ATTACHED THERMOMETER AT VAN RENSSELAEE HARBOR,
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HOURLY ABSTRACT OF THE READINGS
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HOURLY ABSTRACT OP THE READINGS OP THE BAROMETER AND ATTACHED THERMOMETER AT VAN RENSSELAER HARBOR,
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HOURLY ABSTRACT or THE READINGS OF THE BAROMETER AND ATTACHED THERMOMETER AT VAN RENSSELAER HARBOR,
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HOURLY ABSTRACT OF THE READINGS OP THE BAROMETER AND ATTACHED
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HOURLY ABSTRACT OF THE READINGS OF TUB BAROMETER AND ATTACHED THERMOMETER AT VAN RENSSELAER HARBOR,
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HOURLY ABSTRACT OF THE READINGS OF THE BAROMETER AND ATTACHED THERMOMETER AT VAN RENSSELAER HARBOR,
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HOURLY ABSTRACT OF THE READINGS OF THE BAROMETER AND ATTACHED THERMOMETER AT VAN RENSSELAER HARBOR,
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HOURLY ABSTRACT OF THE READINGS OF THE BAROMETER AND ATTACHED THERMOMETER AT VAN RENSSELAER HARBOR,
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HOURLY ABSTRACT OF THE READINGS OF THE BAROMETER AND ATTACHED THERMOMETER AT VAN REXSSELAER HARBOR,
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HOURLY ABSTRACT OF THE READINGS OF THE BAROMETER AND ATTACHED THERMOMETER AT VAN RENSSELAER
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HOURLY ABSTRACT OF THE READINGS OF THE BAROMETER AND ATTACHED THERMOMETER AT VAN RENSSELAER HARBOR,

In September, 1854, in Lat. 78 37 , Long. 70 53 W. of Greenwich.

Mercurial Barometer on deck. 29 inches +. Readings in English inches and degrees of Fahrenheit.
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IIouRLY ABSTRACT or THE READINGS OF THE BAROMETER AND ATTACHED THERMOMETER AT VAN RENSSELAEH HARBOR,
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HOURLY ABSTRACT OF THE READINGS
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HOURLY ABSTRACT OF THE READINGS OF THE BAROMETER AND ATTACHED THERMOMETER AT VAN RENSSELAER HARBOR,

In December, 1854, in Lat. 7.8 37 , Long. 70 53 W. of Greenwich.

Mercurial Barometer in cabin. 29 inches +. Readings in English inches and degrees of Fahrenheit.
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HOURLY ABSTRACT OF THE READINGS OF THE BAROMETER AND ATTACHED THERMOMETER AT VAN RENSSELAER HARBOR,

In January, 1855, in Lat. 78 157 , Long. 70 53 W. of Greenwich.

Mercurial Barometer in cabin. 29 inches +. Readings in English inches and degrees of Fahrenheit.
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NOTES TO PRECEDING ABSTRACTS.

September, 1853. During the whole month, the readings were taken from the aneroid barometer.

They were converted by means of a table to the corresponding readings of the mercurial

barometer.

llth. The dates before the llth, were changed from nautical into civil reckoning.

14th. At 3 P. M., the aneroid barometer was removed from the cabin to the deck
;
a change of six

feet of greater elevation.

19th. At 9 A. M., the barometer was brought from deck to cabin (six feet lower). During the

hours 7 and 8 A. M., it became colder than the scale could register.

14th-19th. A correction of + 0.006 inch has been applied to the barometer readings, to refer them

to the level of the cabin.

October, 1853. 24th. From this day, the readings of the mercurial barometer are given. The position
was in house on deck.

25th. Readings at 1, 2, 3, and 4 P. M., supplied from the aneroid in cabin.

January, 1854. 23d. The star prefixed to the hours between 9 A. M. and midnight, indicates that the

decimals belong to 28 inches.

24th and 25th. The star indicates 28 inches as above.

February, 1854. 18th and 19th. The star in the place of the units indicates that the decimals belong
to 28 inches.

June, 1854. 22d and 23d. The deck house was removed; the mercurial barometer, however, remained

on deck.

July, 1854. 31st. Between 1 A. M. and 2 P. M., the readings of the aneroid appear to have been inad

vertently inserted in the column for the mercurial barometer. In the abstract the readings
were accordingly exchanged.

August, 1854. 27th. The readings of the two barometers between the hours 5 A. M. and 12 P. M.

appear to have been accidentally exchanged, as indicated by the temperature readings. After

9 A. M. the aneroid was read, and its indications were changed to those of the mercurial

barometer.

September, 1854. 4th. The sudden rise of the barometer between 6 and 7 A. M. is indicated by both

instruments. There is apparently no cause for this singular change, so far as is shown by the

remaining meteorological observations at these hours.

10th and llth. Barometer not read during four hours, on account of the darkness.

14th. The readings at 7 and 8 P. M. were changed from 29.65 to 29.56; a correction confirmed by
the aneroid readings.

30th. The barometer stand removed to the most forward stanchion of the cabin. Height above

the water-line, one foot six inches.

October, 1854. 2d. The original record has the readings 30.2, 30.4, etc., for the hours 19 P. M., etc.

It should evidently read 30.02, 30.04, etc., as given in the preceding abstract, and as confirmed

by the aneroid readings. Similar mistakes in the displacement of a decimal have occurred in

two or three other cases.

22d. Mercurial barometer in cabin against stanchions amidships. Height of cistern, six feet.

November, 1854. 4th to 10th. No record for this interval.

December, 1854. 10th. The star in front of the figures indicates that the decimal places refer to 28

inches.

20th. The mercurial and aneroid barometers were removed to-day ;
the mercurial barometer being

placed six inches lower than before, and the aneroid placed two feet below it.
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January, 1855. 20th, 21st, 22d, 23d, and 24th. The temperature readings for these days have bein

taken from page 422 of the second volume of the Narrative.

25th, 26th, 27th, 28th, 29th, 30th, and 31st. The barometer and temperature readings have been

taken from the same page of the Narrative.

The last horizontal column of the reduced barometer readings is derived from the preceding column

by subtracting 0.024 inch, so as to allow for the introduction of the means of the last seven days.

February, March, and April, 1855. For these months the original record could not be found. The

daily and monthly means of the atmospheric pressure (and corresponding temperature), will

be found in Appendix No. XII. of the second volume of the Narrative.

Diurnal Variation of the Aimosplteric Pressure. The following table exhibits the

diurnal change of the barometric pressure, for each month of the year and for the

whole year, as made out from the preceding abstract. For the months between

September and January (inclusive), the mean from the two sets is given.

ABSTRACT OF THE MEAN HOURLY READINGS OF THE (REDUCED) BAROMETER AT THE LEVEL OF THE
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The annexed diagram exhibits the observed (by dots) and the computed (by a fine

line) diurnal variation. Its principal feature is the afternoon inflection, with a

DICKXAL VARIATION.

Inches.

29.776

.774

.772

.770

768

.766

.764

.762

.760

.758

29.756
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was observed in May, the minimum in September. The range between these two

months is 0.284 inch.

ANXDAL VARIATION.

4 I
&amp;gt;&amp;gt;

to

&amp;lt; taI f I f | |

According to the above diagram, in which the dots indicate the mean monthly

readings, the law of the annual fluctuation does not, perhaps, as plainly appear as

we might expect from a longer-continued series of observations. In the month of

January, for instance, we have a difference in the height of the barometer in the

two years (1854 and 1855) of not less than 0.631 inch.

The general law that the height of the barometer is less in summer than in

winter, is here prominently brought out. In the following expression, I have

attempted to exhibit the course of the annual variation :

Inches. Inch. Inch.

B= 29.770 + 0.079 sin (0 + 4) + 0.044 sin (20 + 191),

the angle counting from January 1st, and is expressed in degrees at the rate of

30 a month.

The computed annual range is 29.875 -- 29.G68 = 0.207 inch. If we add 0.005

as correction to the constant 29.770, to refer it to the level of the sea, we find the

mean barometric height, in the latitude 78 37 N., 29.775 inches.

Irregular Oscillations of the Pressure ; Monthly and Annual Extremes. The irregu

lar changes in the atmospheric pressure are, like those of the temperatures, much

greater in winter than in summer, of which an instance has already been given

(see the means for the months of January and February of 1854 and 1855). If

we deduce the average difference, irrespective of sign, in the barometric height

between any two consecutive days, we obtain the following table of mean diurnal

change, as made out from 17 months of observations:

January

February
March

April

May
June

July

Inch.

0.17

0.26

0.17

0.12

0.14

0.10

0.09

August .

September
October .

November

December

Mean

Inch.

0.10

0.11

0.15

0.17

0.2C

0.15
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In the months of December, January, and February, the variability between

successive diurnal means is a maximum, and in the months of June, July, and

August, it reaches a minimum value; the ratio of the highest and lowest being as

2J to 1.

The following table contains the maxima and minima of atmospheric pressure as

observed in each month, and the extreme ranges for each month of the year:

MONTH.
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ing, each fall of snow. If snow fell for less than three consecutive hours, I have

taken no notice of it in this investigation. The mean result from 563 hours of

comparison, gave only a difference of O.OOG inch, by which quantity the barometer

is lower during the fall of snow than otherwise.

Variability of Atmospheric Pressure icith the Direction of the Wind. The connec

tion of the atmospheric weight with the direction of the wind requires, in order to

find its average effect, a great number of observations, particularly on account of

the irregular oscillations of the barometer in the winter months. The following

results are derived from a comparison of the barometric readings at the hours 6

A. M., noon, 6 P. M., and midnight, for each day, with the respective mean monthly

reading during IT months of observations. These difference were then arranged

according to the directions of the wind. The result is as follows (+ indicating

I
above

1 the mean) :-
(. below J

Magnetic direction. Inch.

N 0.022

N.I]. . . . + 0.072| On account of the comparatively small number of observations for

E. .... 0.100J these directions, they may lie combined : E. N. E. 0.044 in.

S. E. . . 0.000

S. . . +0.038
S. W. . . . +0.045
W 0.031

N. W. . . . 0.031

From 1050 comparisons of calms and barometric readings, the latter were found 0.005 inch above

their mean value.

It is only during S. and S. W. (magnetic) winds that the barometer rises above

the mean value; during all other winds it is depressed.

Relation of the AtmospJicric Pressure to each Wind and to the Temperature of tltc

same. To show this dependence, it is best to put the relation of the atmospheric

pressure, as well as that of the temperature, to the winds, in an analytical form.

In my discussion of the observed temperatures at Van Kensselaer Harbor, a table

was made out showing the dependence of the temperature on the direction of the

wind. If we deduct the mean elevation of temperature by the winds from each

separately, we obtain the following table of the effect of each wind on the tem

perature (+ indicating an &amp;lt; &amp;gt; of temperature) :

(. depression )

Magnetic direction. Magnetic direction.

N. s

N. E 0.0 S. W +0.4

E 0.1

S. E. . . +0.9

W +0.1

N. W. . 1.4

Counting from the north (or belonging to a (magnetic) north wind) round by
E. to 300, we obtain, by using Bessel s formula,

T= + l.026-m (0 + 280);

or, for the true directions,

r= +l.02*m (0 + 34);

and similarly, from the barometric relation to the winds,

J5= +0.018 in. sin (0 + 354).
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A comparison of the angular constants in these two expressions does not show a

correspondence of the wind of maximum temperature with a minimum pressure;

on the contrary, there is a much nearer correspondence of the wind of maximum

temperature with maximum pressure. According to the first formula, the hottest

wind is from the direction N. E. I E. (true); and, by the second formula, the maxi

mum atmospheric pressure is from the direction E. (true) nearly.
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